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INTRODUCTION

Parathion is an organophosphorous insecticide still
widely used in certain areas. It is marketed under various
trade names primarily by two companies, American Cyanamid
Corporation and Monsante Chemical Company. Its popularity
‘exists primarily due-te its high insect mortality rate. How-
:ever,:when ingested or absorbed by wildlife, man or other non-
target organisms; parathion may exert a severe neurotoxic
.effect. and is eoften fatal.

Parathion is effective in the control of aphids,
mites, grasshoppers, moths; leafhoppers, wireworms, and many
‘other insect pests (Monsanto, 1972). The degradability of
parathien is of great practical importance since its toxicity
-as. a.cholinesterase inhibitor is rarely limited to the target
erganism but extends to nontarget species, including man.
Properly formulated emulsifiable liquids, wettable poewders,
and  dusts are noet phytotexic when applied at recommended
dosége'levels. Exposed. or sprayed parathion is detoxified
and decemp@sedrby'water‘er moisture, heat, microerganisms and
earth,.and partly by sunlight. However, little is known |
regarding the biolegical or chemical mechanics inveolved in
parathioen loss. It is interesting teo note that parathion,

which is very rapidly metabolized in tissues of higher



organisms and in the rumen, may still be present years after
its introduction inte soil (Ahmed, 1958).

As agriculture comes to rely more and more on pesti-
cides, the importance of basic and applied research on the
use, behavior, and toxicelogy of pesticides including para-
thion increases.

Despite an increasing concern with the persistence
and ‘residual effects of pesticides and the dominant position
occupied by microbiolegical agencies in environmental detoxi-
fication, very little information is available on soil
inhabitants. In addition, research in the area of microbial
degradation may prove valuable in terms of a new system for
waste disposal or perhaps as a new detection system for para-
thion pollution. Censequently, the objectives of this
investigation were reported in the following manner:

(1) To selectively isolate by enrichment culture
techniques one or more bacteria capable of

readily metabolizing the parathion melecule

as the sole carben source,

(2) To study the physiological parameters of
parathion utilization,
(3) To determine some of intermediates in the

degradation of parathien by microerganisms.



REVIEW OF LITERATURE

Historz

The first esterification of alcohols and phespheric
acids is attributed to Lassaigne in 1820, and in the early
1900's numerous syntheses of phosphorus compounds centaining
nitrogen, fluorine, and various other substituents were
reported (O'Brien, 1960). 1In all of the early investigations,
however, there-was no mention of the poisonous nature of
these compounds, and it was not until the approach of Werld
War II- that the toxic properties of the organophosphates
began  to be realized. B.C. Saunders in England and Gerhard
Schrader in-Germany evaluated several organic phosphorus
compounds feor use as nerve gases. It was Schrader, however,
who discovered their suitability as insecticides, originally
as a substitute for nicetine against aphids (0'Brien, 1967).

It has been estimated that approximately 40,000 new
potentially poisonous products enter the market each year,

In less than 20 years, the use of synthetic chemical pesti-
cides has increased frem a level of a few million pounds a
year to nearly one billien‘peunds annually. Helling, Kearney,
and Alexander (1966) stated that today almost 60,000 dif-
ferent pesticide formulations are now registered in the

United States and each of these contains one or more of the
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approximately 600 different pesticide é@mpounds. Chemical
pesticides are produced at about two billion pounds per year
at the present time. This is about 10 pounds per capita,

or enough poisen to kill every human being en earth,

Parathion Peisoning

In south Texas, the incidence of poisening increased
for several years, and was usually caused by parathien and
methyl parathion. The leading cause of death among children
is pesticides, resulting in approximately 5,000-6,000 cases
per year according to Vercruysse (1964). When one considers
that enly about 10% of the true incidences of poisoning in
the United States are reported and that the Poison Centrol
Centers report over 100,000 cases per year, it is apparent
that pesticide poisoning represents an important public
health preblem.

In bade County, Florida, an estimated 250,000 peunds
of organophesphate pesticides are used annually. During the
past twelve years, over 100 persons have died as the result
of pesticide peisoning. Since 1959, 56 deaths have resulted
frem parathien poisening: 28 were accidental poisenings, 26
suicides, and 2 murders. Reich (1971) reported an estimated
2,000 nonfatal organephosphate poisonings occur yearly in

the United States.

Chemistry of Parathion

The chemical name of parathioen is 0,0-diethyl 0-p-

nitrophenyl phosphorothicate. The structural configuration



of the parathion melecule is shown in Figure 1 in the
Appendix. Parathion has a molecular weight of 291, and
contains 41% carbon, 4.79% hydrogen, 10.95% phosphorus, 10.95%
sulfur, 27.39% oxygen, and 4.79% nitrogen. It is a dark,
brewn liquid with a characteristic odor, melts at 6.0 C, and
beils at 159-162 C. The specific gravity of parathion at 25 C
is 1.26-1.28. Parathien is slightly soluble in water (24
parts per millien at 25 C), and completely miscible with
many erganic solvents. Parathion is stable indefinitely in
neutral and-acid solutiens at room temperature, but it becomes
slightly hydrelyzed at 100 C. However, in solutions of pH 9
and higher, an appreciable increase in hydrelysis occurs as
the temperature rises (Monsanto, Technical Bulletin, here-
after referred to as Monsante, 1972).

‘Organophosphates are named as esters of phosphoric
acid. The phoesphorus coentributes all of the electrons.
Oxygen bonded to phosphorus draws electrons and creates an
extremely positive phesphorus, resulting in a cempound which
is very soluble, reactive, and toxic (Lichtenstein and
Schultz, 1967). Parathien is an organophosphate insecticide
of the aromatic type. Parathion is readily éxidized to para-
oxen, which is mere texic than the parent compound. As the
oxygen' analog, the phesphorus is more pesitive, soluble, and
reactive. ' This prebably accounts for the increased toxicity.
The compound methyl parathion possesses methyl groups instead
of 'ethyl. The reactiens, utilizatien, and toxicity of this

compound are guite similar to parathion.



Mode of Action

Pharmacological studies of parathion show that it has
a dual effect: a stimulation of the parasympathetic nervous
system and anticholinesterase activity. The systemic effects
of parathion are qualitatively similar to those of other
cholinergic agents, for example, muscarine, pilocarpine, etc.
The effects of parathien result from inactivation of the
cholinesterase enzyme, thus permitting accumulation of
acetylcholine at the metor end plates of the parasympathetic
and the veluntary nervous system, and in the ganglia of the
sympathetics. The symptems include giddiness, headache,
nausea, vemiting, abdominal cramps, diarrhea, sweating,
salivation, lacrimation, confusion, weakness, muscular
fasciculations, and possibly cema and coenvulsions. Fatalities

appear to result from respiratory failure.

‘Relative Toxicity of Parathion

Parathion and methyl parathion are up te 70 times as
toxic as DDT; therefore, great care must be exercised in
using formulations of parathion (Welling et al., 1970). The
parathions are capable of producing severe toxic effects and
death in animals and man. These effects can be produced after
swallowing and breathing of mists, dusts or vapors or by

absorption of parathien through the skin. The LC Oral

50
Toxicity Tests on laboratory animals vary somewhat with the
species (Reich, 1971)f However, a lethal dose is in the

range of 3-10 milligrams per kilograms of body weight for



parathien and 9-25 for methyl parathien. The LD50 values
as tested against white albino rats are presented in Table
1 (Welling et al., 1970). The lethal dose for man is not
knewn. It is impossible te interpret animal toxicity data
directly in terms of man.

Mensanto (1972) reported that the organephosphates
are 3 to 5 times as toxic as nicotine. Since the fatal
dose of nicotine is estimated as 60 milligrams (1 grain),
12-20 mg of parathion may be considered as a poisonous
quantity, potentially fatal. As little as 0.05 ml (1 small
drop) of concentrated parathien splashed into the eye may be
fatal. Fatal poisoning may result from centact with the skin
by ingestion, or by inhalatien of parathion or a formulation

of parathien.

Applications

Large quantities of parathion are used to protect
crop plant roots from seil insects, such as rootworms and
wireworms. Parathien is widely recognized as the cheapest
and most effective broad spectrum insecticide available.
American Cyanamid (1972) reported that it can be used in
formulations teo control over 200 different types of insects
on nearly 100 different crops. Parathion is principally
formulated as an emulsifiable concentrate (2 to 8 pounds per
gallon), wettable powder concentrates (15% and 25%), ready-
to-use dry dust mixtures (1% to 10%), and granules (2% to

25%).



Ecological Effects

Pesticides found in the estuarine envirenment oerigi-~
nate from three main sources: agricultural applications,
applicatiens to contrel nexious insects, and effluents from
industries that formulate pesticides as a result of runoff
and erosion. A pellutant may be defined as any substance
added to the envirenment which has a measurable and generally
‘detrimental effect upon the environment.

The chief hazard of pesticide residues in the aquatic
environment lies in the biolegical magnificatien process in
the food chain. Organephosphorus and organochlorine insecti-
cides may be absorbed selectively by plankten which are later
consumed by small fish and, in turn, the small fish are
eaten by larger fish. The concentration of residue is

magnified at each stage of the chain (Alexander, 1969).

Detection

The concentration of insecticides that will proeduce
a perceptible eodor in water-has been determined for several
pesticides according to Blackbeurne (1970). An odor is
imparted te water-by: concentrations of technical parathion as
small as 3 parts per billion (ppb). This cencentration is
close to the commonly accepted limit of 1 ppb for phenel in
water as shown in Table 2 (Frawley et al., 1958).

-In eccupationally exposed groups urinary excretion of
para-nitrophenel (PNP), a metabolite of parathien has been

used to monitor exposure. Acetyl-cholinesterase



activity has been employed to monitor exposure but the range
of the norm for this test is broad and subject to consider-

able individual variation.

Phytotoxicity

Foster (1962) found that relatively heavy doses of
parathion appeared to have a slight but temporarily depressing
effect on germination and stand. Parathion had no apparent
effect on the numbers of nitrifying, and denitrifying,
cellulose-decomposing, manganese-oxidizing, or spore-forming

bacteria according to Kasting and Woodward (1961).

Factors Affecting the Fate of Pesticides

There are approximately seven factors which are
known to affect the fate and behavior of pesticides in the
soil. These factors are as follows: (1) adsorption and
desorption, (2) chemical decomposition, (3) photechemical
decomposition, (4) microbial decomposition, (5) velatili-
zation, (6) movement, and (7) plant and microbial uptake.

Of the several mechanisms by which pesticides may be detoxi-
fied in soil, microbial degradation appears to be by far the
most important. The presence of basic aminoe acids in soil
organic matter catalyzes hydrolysis of organephosphorus

esters (Alexander, 1965).
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Photochemical Decomposition

Emulsions of parathion-aqueous salt solutions exposed
to ultraviolet light (wavelength 1850-4000A) develop anti-
cholinesterase activity progressively accoerding to Ceok and
Pugh (1957). The exposure of parathion to ultraviolet light
gives rise to a mixture of compounds possessing greater in
vitre anticholinesterase activity than parathion, but lower
reactability to the Averill-Norris chemical method of para-
thion determination and lower toxicity to houseflies according
to - Frawley et al. (1958). Since similar conversion might
eccur on crops sprayed with parathion, the ability of the
method to detect all toxic residues was in question. Samples
of parathion and ultraviolet light-exposed parathion were fed
subacutely to rats, and the in zixg antichelinesterase
activity was found to parallel clesely the loss in response
to the Averill-Norris chemical method according to Cook et al.
(1957). Oxidation of parathion at the P=S bond has been shown
to occur under ultraviolet light hewever, chemical oxidation

of parathion in seils and waters is not prevalent.

Chemical Decomposition

The chemical structure of parathien is presented in
Figure 1. Chemical hydrolysis of parathion may exist at the
EtO-P and nitrophenyl, C-0-P ester linkages. Hydrolysis of
organophosphates generally proceeds at the P-0-X bond.
Hydrolysis at the nitro-phenyl C-0-P bond is the most likely

chemical pathway for parathion degradation resulting in the
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formation of p-nitrophenel and diethylthiephesphoric acid
according to Menzer and Dauterman (1970). Chemical degra-
dation of organophosphate insecticides invelves. hydrolysis
of ester linkages. The hydrelysis may be either acid or

alkali catalyzed.

Physical Factors of Decomposition

The action of oxygen in the air combined with the
catalytic actien of sunlight makes a very powerful oxidizing
agent. Thus, insecticides that evaporate in the air are
soon destroyed.' The speed of the reaction is approximately
doubled with each 10 degree rise-in temperature. Therefore,
the hot, sunny, summer days aid in the rapid exidation of
organic materials. Oxidation will also be rapid when
deposits are exposed to the air, on the ground, and on
leaves or solid surfaces (Fleck, 1965). On the other hand,
insecticides that are mixed deep in the soil or in muddy
river bottoms are shielded from this combination. The
rate of parathion degradation. was significantly influenced
by soil temperature, moisture content, and acidity. Higher
temperatures and seil moisture levels accelerated

decomposition.

Persistence

It is interesting to note that parathioen, which
is very rapidly metabeolized in tissues of higher organisms

and in the rumen, may. still be present years after its
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introduction into soil (Alexander, 1967). For example,

100 ppm in the rumen persists for only one day according

to Cook et al. (1957). Kasting et al. (196l1) reported that
100 pounds/acre of formulated parathion applied to the soil

persisted for 325 days.

Biedegradation of Pesticides

Seil and water have been considered almost univer-
sally as. ideal receptaclesvfer.toxic natural er synthetic
organic wastes. The use of pesticides in agriculture and
nonfarm pest contrel operations has shown that,. without
question, the microorganisms of the soil and water are not the
emnipotent detoxifiers that they were once believed to be
(Alexander, 1969). Pesticides may be destroyed or detoxified
by one or more of several different mechanisms: "Nonbiologi-
cal degradation or adsorptioen and. inactivatien by clay and
other colleidal materials may contribute significantly to
environmental decontamination (Alexander, 1969). Velatili-
zation or photochemical degradation contribute to the
removal of certain chemicals from a particular ecosystem
and leaching may occasionally be responsible for the. removal
of pesticides from the surface zones of the soil. Leaching
may lead te a detoxification of the treated soil, but the
gain to man's aquatic environment may be very deleterious.
These may pose major. preblems to the fish pepulation or to

the maintenance of an acceptable guality drinking water.
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- There is as yet no evidence that the fauna of the
soil, either the protozea or the higher subterranean animals,
participate directly in pesticide destruction.

Biedegradation in general is considered to be a
process of conversion by microorganisms of pesticides. into
ene or more simpler noen-texic substances. On the basis of
the available data, the biolegical detoxification. of pesti-
cides is. thought te invelve the following principle bio-
chemical reactions: dealkylation, dehalegenation, hydroly-
sis, oxidation, reductien, ether fission, hydrexylation,
ring.cleavage, and cooxidatien (Stejanovic, 1970).

In order for a pesticide to be subjected to bio-
degradation, five conditions must apply (Lichtenstein and
Schultz, 1964). (1) an erganism must exist in the soil or
one must be capable of develeping which has. the capability
of metabelizing the chemicals (2) the compound must be in a
form suitable for degradation; (3) the chemical must reach
the organism or the erganism must find its petential sub-
strate, (4) the compeund must be capable of inducing the
formation of the appropriate enzyme or enzymes concerned in
the detoxification. Moest enzymes concerned in these detoxi-
ficatien reactions require induction; few are constitutive.
Low solubility or lew concentratioen of the pesticide or
permeability barriers at the surface of the oerganism may be
associated with lack of induction; (5) envirenmental con-

ditiens must be suitable for the microerganisms to
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proliferate and for the enzymes to operate. Should any of
these conditions not be met, the pesticide will not be
decomposed biolegically, and it may persist for extended
periods.

It may be observed that the carboxyl and hydroxyl
groups faver decompesition and a notable retarding. effect of
the degradation when the molecule contains a sulfoenate,
nitro, or chlerine substituent (Alexander, 1965).

Helling et al. (1966) reported that the introduction
of pelar groups such as OH, NHZ’ N-C(0), Co0, NO2 and others
common to many pesticides often affords microbial systems a
site of attack. Catalysts accelerating these reactions are
induced or constitutive microbial enzymes. The ultimate
objective of the organisms degrading pesticides is to obtain
usable energy for other life processes. Only when the pesti-
cide is fragmented to a compound that can be channeled into

-oxidative cycles, such as the Krebs cycle, does the organism

derive any useful energy.

Biedegradation of Parathion

Activation

The organophosphorus insecticides are chiefly
phosphate esters. The single ester organophespherus compounds
such as parathien are much more resistant than double ester
compounds. Because the organic insecticides are less
persistent than the inerganic. enes, their use. offers very

real advantages. The organophosphorus. insecticides contain
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either the P=S§S (phosphorothiocate) or the P=0 (phosphate)
groupings. Frequently, the initial step in degradation is
an activation of the molecule; such as, a phosphorothioate
to a far more inhibitery derivative, a phosphate. Degra-
datien of the phesphorothioates and phosphates may involve a
hydrolase, phosphatase, dealkylase, or carboxyesterase.
Enzymatic transformation may invelve a chemical
change, such that all inhibiting properties are lost. This
is termed "detoxification or inactivation," the conversion of
active compounds to non-toxic derivatives through degradation.
In the case of parathion, the material designated as the
pesticide, parathion, is itself non-toxic, but it may be
transformed microbiologically to the toxicant paraoxon, a
process known as "activation." Erdes and Boggs (1961)
reported that pure parathion is not at present considered to
be an inhibitor of chelinesterase in vitre. It is probable
that those whe first reported to the centrary were using
contaminated samples. It must first be activated to the
p-nitrophenyl phosphate (paraoxon) form in order to pessess

antichelinesterase activity.

Cometabelism

In a cemetabelic reaction sequence, the micreerganism
enzymatically transforms a compound which it cannot utilize
as a source of energy (Alexander, 1968). An example of this

is a bacterium which is not able to utilize p-nitrophenol
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as a carbon and energy source, but oxidizes it to nitrate
(Raymond and Alexander, 1967).

The detoxification mechanisms most likely to affect
parathion are reductien, ring cleavage, cooxidation, oxi-
datien, hydrolysis, and hydroxylation. Degradatien of
parathion has been demonstrated by either: (1) hydrelysis
te p-nitrephenel and diethylthiophosphoric acid, er (2)
reduction-te its amine form depending on the pepulation of
Seil microorganisms (Miyamoto et al., 1971). Yeasts were
respensible for the reductien of parathion in seil te amino-

parathion (Miyamete et al., 1971).

Hydrelysis

~ Ameng the ofganephosphate insecticides, parathion is
one of the most resistant te chemical hydrelysis (Graetz et
al., 1971). Parathioen was degraded by a strain of housefly
te diethyl phesphate. The pfesence of this breakdewn enzyme
was the result of a mutation leading te an altered aliesterase
that had lost most of its esteratic activity but acquired
phosphatase activity. Paraexen was hydrelyzed to diethyl-
phosphate (Welling et al., 1970). Matsumura and Hogedijk
(1964) and Dahm et al., (950) showed that o,0-diethylphos-
phorethieic acid (DEPTA) is a major metabolite of both
houseflies and rat micresomes, respectively. Methyl parathion
was hydrelyzed te DEPTA by the supernatant fractiens of rat

liver and cockroach fat bedy homegenates under the influence

of reduced glutathione according te Fukami and Shishido (1966).
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Erdos and Boggs (1961) reported that paraoxon has
been found toe be hydrelyzed in mammalian blood by an aryl
aromatic esterase. This enzyme occurs in the sera of
various species. Among other properties, the arylesterase
degrades teo phenyl acetate, and it has been shoewn with this
substrate that the enzyme requires the presence of calcium
for activity. The arylesterase is activated by calcium and
inhibited by sedium ethylenediaminetetracetate. Lineweaver-
Burk plets showed a non-coempetitive inhibitien. Mounter

(1965) stated that Escherichia coli and Propionibacterium

pentesaceum hydrelyze paraoexon..

Pseudomeonas melophthora, an obligate, extracellular

bactérial symbiote of the apple maggot, Ragoletis pomenella

degrades parathion by way of the hydrelytic degradation
threugh strong esterase activity (Matsumura and Hogedijk,
1964) . Parathion is oxidized in vitre te paraoxon, which is
the active antichelinesterase agent in peisening. Dahm et
al., (1950) cencluded that p-nitreophenel, formed from
hydrelysis of parathion in cattle was apparently reduced to

aminephenel..

Reduction

The main micrebial degradation pathway in seils and
waters appears to be reduction of the nitro (NOZ) group to
the amino analeg (NH2) with the formation of aminoparathioen.
Lichtenstein and Schultz (1967) investigated the persistence

of several likely degradation products of parathien; namely,
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amineparathion, p-nitrophenol, and p-aminophenol. Complete
degradation of p-nitrophenoel occurred between 7 and 16 days
after application. The major microbial degradation pathway
ineculated with microorganisms obtained from a Lake Tomahawk
sediment, was reductien of the N02 group to the NH2 group to
form aminoparathien (Miyamoto et al., 1971).

Parathion has been applied to pelluted waters as a

larvicide ‘against Culex pipiens, one of the most common pest

mosquito species almest all over the world and also the vector

of Bancreftian filariasis in tropical areas. Parathion

incubated with cultures of Rhizebium japenicum and R.

meliloti was metabolized primarily by reduction of the nitro
group (Mick and Dahm, 1971). Approximately 85% of the
initial parathion was reduced to amineparathion. About 10%
of the_parathien was hydrelyzed to o,o-diethylphespherothieic
acid (DEPTA). Both-aminoparathion and DEPTA have negligible
toxicity cempared with parathion. The main reactions are
conversion of P=S to P=0, cleavage of the diethyl phosphate
or diethylphesphorothieate, and reduction of the nitro group.
The main cause of inactivation of fenitrethion,

parathion, and methyl parathien by Bacillus subtilis was found

te be due to the reduction of their nitro group toe the amine
group (Miyamete et al., 1971). The major degradative path-
way of methyl parathion (o,e-dimethyl @,p-nitrephenyl
phosphorethicate) when incubated with the bacterium Bacillus
subtilis was by reductien to the amine hemelegue of methyl

parathien and hydrelysis to dimethyl-phesphorothiocate.
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Hirakese (1968) showed that methyl parathion was reduced to
the amino hemelegue by bacteria found in pelluted water,

In soils of lew microbial pepulations (autoclaved
soil) or of lew microbial activity (dry soeils) parathien
persisted for a relatively long peried of time. No amino-
parathieon was found in autoclaved seils. Yeasts were pri-
marily responsible for the reduction of parathion in seil
to amineparathien, while bacteria apparently exhibited ne
effect ‘on the reduction (Lichtenstein et al., 1968).

Yasunoe et al. (1965) observed similar results when applying
various organopheosphate insecticides to polluted waters.
Parathion and methyl parathien showed almost complete inacti-
vation of their insecticidal activity within.several days
after mixing with the pelluted waters. When mixed with pure
water, however, insecticidal activity persisted for a
relatively leng period of time. Ameng the organisms isolated

from peolluted samples, Bacillus subtilis was found te be

highly effective for inactivating parathion and methyl para-
thion mixed in its culﬁure media. Inactivatien eccurred as

a result of reduction of N02 groups to NH2 groups. Accerding
to Yasune et al. (1965), insecticidal activity eof parathien
was diminished primarily through the reduction of NO to NH

2 2
groups forming amineparathien.

Ring Cleavage

Ring cleavage is a quite common mechanism of

degradation of many pesticides by seil microerganisms.
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Several phenoxyalkanoic acid herbicides are degraded to the
corresponding catechols, which in turn are broken down to
yield the corresponding mucenic acids (Rogoff and Wender,
1959). Ring cleavage probably eccurs only after hydroxy-
lation. Complete ring cleavage, however, is considered to
be an unlikely pathway.

When the eorganic carbon requirement of individual
microorganisms-was examined, some showed a high degree of
© versatility, whereas, others were-extremely specialized.
Certain bacteria of the pseudomeonas group can use any one of
over 90 different organic compounds as sole carbon and energy
source, such as phenylacetate and phenol, as well as other
hydrocarbens:. Most (and probably all) erganisms that depend
on organic carbon sources also require carbon dioxide (COZ)
@S a nutrient in very small amounts, because this compound
is utilized in a few biosynthetic reactions (Rogoff, 1963).
However, as CO2 is normally produced in large quantities by
organisms that use organic compounds, the bioesynthetic
requirement can be met through the metabolism of the organic
carbon and energy source. The complete removal of CO2 often
either delays or-prevents the growth of microorganisms in
organic media, and a few bacteria and fungi require a rela-
tivély‘high”cencentration of C®2 in the atmosphere (5 to 10
percent) for satisfactory growth in erganic media.

Criteria for micrebial utilization of pesticides
are the disappearance or modification of the pesticide, the

productioen of C@z, acid formatien, replication of
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microerganisms or the censumption of oxygen in media con-
sistiﬁg of mineral salts solutions enriched with pesticides
as the only source of energy. The theoretical respiratory
gquotient for complete oxidation of a long chain paraffin

hydrecarbon with the fermula CnH + 2 is approximately 0.67

2n
(Bennett, -1963). Carbon dioxide always results from the
microbial ‘assimilation of hydrecarbens. Crude oils,
illuminating ‘gases, petroleum ethers, gaselines, kerosenes,
fuel-oils, paraffin, or mineral oils, petrelatums, asphalts,
waxes, ‘and rubber, beth natural and synthetic, have been
shown te be oxidized by a great variety of micreorganisms.

Toluene; xylene, or phenel was oxidized readily by

Bacterium benzoli (Bennett, 1963).

Evans and Simpsen (1965) iselated a pseudomonad
which grew in a mineral salt medium with 0.02% p-nitrophenol.
They shewed substitution of the nitro group by a hydroxyl
group with elimination of the nitro group as nitrite ion.
The p-nitro group may represent the point where enzymatic
attack begins and the ring structure is breken. The oxi-
dative metabolism of aromatic compounds by bacteria consists
of manipulation of the ring systems in such a way that the
‘products of degradation may enter the main terminal respira-
tory cycles of the cell at some poeint. Cleavage of the ring
is preceded by-hydrexylatioens necessary to provide two
hydrexy greups on the aromatic rings. These are usually

found "in the orthe pesitien (catechol, protecatechuic acid),
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but in certain cases may appear in the para pesitien
(gentisic acid). Wwhen in the ortho position the ring is
cleaved between the carbons bearing the hydrexyl groups;
when they occur in the para positien, there is ring cleavage
acress a bond adjacent to eone of the carbon atems which
bears a hydrexyl group. The oxidases which cleave benzenoid
rings catalyze reactions in which an atom of molecular
oxygen ‘enters- directly into the oxidized product (Hayaishi
et al., 1971). These enzymes also appear to have a group
requirement for ferrous iron.

Phenol was oxidized faster under aerobic conditions;
however, some attack of the compound can take pléce under
anaerobic conditions as well. Investigators havé found that
a pH of 7.0 te 7.5 is optimum for oxidatien of phenol by
bacteria (R@g@ff and Wender, 1959). A temperature of 37 to
55 C was optimum for oxidation of phenol by sewage bacteria;
however, it may be oxidized at 4 C by these bacteria. Organic
material may stimulate the oxidation of phenoels by bacteria.
Gunderson and Jensen (1956) jsolated-a strain of

Corynebacterium simplex that oxidized p-nitrophenel, 2,4-

dinitrephenol, and 2,4,6-trinitrophenol. Simpsen and Evans
(1953) iselated twe species of pseudemonads that oxidized up
to 100 ppm of e-nitrophenel and p-nitrophenel. Each strain
utilized the appropriate nitrophenel but did not oxidize the
oether isemer. The maximum oxidatibn of 2,4-dinitrophenol
and p-nitrophenol occurred at a pH near 8 and none of the

compounds were oxidized at pH 7.0. Simpson et al. (1953)
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observed that the maximum pH for the oxidation of eo-nitro-
phenel was 7.0 and 7.5 to 8.0 for p-nitrophenecl. Walker
(1954) observed that soil baéteria were able to oxidize
o-chlorephenel, p-chlerephencl, and 2,4-dichlorophenol.
Bennett (1963) isolated pseudomonads which coiild oxidize
phenel from metal-cutting fluids that had been treated with
these inhibitors. In such instances, the addition of phenols
may stimulate growth of the bacteria and deterioration of the
product.

In general, bacterial enzymes cleave the aromatic
ring by the insertion of oxygen between the atoms forming
the C-H bends of the two adjacent ring carbons, so that two
hydroxyl groups are present on the ring in an ortho relation-
ship; the carbon-carbon bond between the hydrexyls is subse-
quently split. Phenol is hydrexylated to catechol which is
cleaved. Depending on the substitution in the original
aromatic molecule undergoing oxidationyan alternate compound
protecatechuic acid may be reached (Bennett, 1963). These
key intermediates underge ring cleavage and further trans-
formation to ferm aliphatic compounds such as succinate and
acetate that can enter the respiratory cycle. Catechol is
split between the hydroxyl groups te feorm a cis-cis mucenic
acid. Hayaishi et al. (1971) tentatively identified cis-
cis mucenic acid as a product of the exidation of catechol
by a purified pseudomenas enzyme.

Gunner et al. (1966) reported a unique observation

in the micrebial degradation of the pyrimidyl ring of the
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organophosphate insecticide diazinon by stretomyces and
arthrobacter species. Approximately 66% of the hydrocarbon-
oxidizing cultures were pseudomonas species. Hydrocarbon-
oxidizing. bacteria may be responsible for the fairly rapid
disappearance of oils sprayed on various kinds of foliage

as a carrier of insecticides. Zobell (1946) described many
new species found in Bergey$% Manual (Breed et al., 1957)
which could utilize either naphthalene,.cresol, or phenol,

such as Pseudomonas rathonis or. P, arvilla, both of which are

very similar to the species of pseﬁdemonas in question. The
microbial assimilation of phenol in concentrations as high
as 0.3% has been demonstrated.

The pseudomonads ‘are usually obligately oxidative
and can oxidize a wider range of simple erganic compounds than
any other known bacteria. Many pseudomonas species, such as

P. fluorescens are devoid of accessory growth facter. require-

ments, develeping rapidly and abundantly in simple media with
a mineral salt base and any one of many potentially oxidizable
organic substrates (Fleck, 1965). The organic compounds

whose ‘oxidation. has been studied thus far are simple substi-
tuted aromatic substances such as benzoic acid, phenol, and
phenylacetic acid. The technique of simultaneous.adaptation
rests on two assumptiens. One is the specificity of the
adaptive response, and the other is that the cell must be
permeable to all substrates tested. Kilby (1968) identified
B-ketoeadipic acid as an excretion product in cultures of

vibrie enzymes capable of oxidizing either catechol or
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protocatechuic acid to B-ketoadipic-acid that can be isolated
from dried cells adapted to aromatic precursors.

The development of gas.chromatography and the
electron capture detector has given researchers. powerful
tools for pesticide determinations. It is now possible to
make qualitative determinations. of pesticides. in.the range
of 1-5 micrograms/liter (ppb). (Warnick and Gaufin, 1965).

With the use of thin layer chromategraphy, it was
observed that both parathion and. methyl parathion were
hydrelyzed to p-nitrophenol, and diethyl and dimethyl-o-
thiophosphoric acid, respectively (Stanley, 1964). The
thin-layer chremategraphic procedure described by Graetz
et al. (1971) demenstrated a small amount of parathion was
present together with a compound. having an Rf value of 0.23
relative to parathien. The thin layer chromategraphic pro-
cedure employed by Graetz et al. (1971) was used in this
dissertation.

As agriculture cemes to rely more and mere on
chemistry, the importance of basic.and applied research on
the use, behavier, fate, and toxicology. of these pesticides
increase. For example, the disposal of empty metal cans and
drums containing any potent pesticide, especially parathien,
is a very serious problem. Hot water or caustic washing is
net sufficient to rid the container of the pesticide
(Stejanovic, 1970). Coemplete burning, crushing, or burial
may be used te dispose of waste containers; however, none

of these methods are completely effective.
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MATERIALS AND METHODS

Cultures

Iseolation and Screening of Microorganisms

Micreorganisms indigenous to.the Bay St. Louis’
area of the Gulf Coast, capable of degrading the parathien
melecule, were sought by enrichment with parathion prier to
the isoclation of pure cultures.. Isolation of microorganisms
by selective enrichment is widely used in microbiolegy today
and invelves the stimulation of rapid growth of the desired
organisms in-a mixed culture by providing the proper nutrients
and. environmental conditions. Water samples collected from
this area have been exposed to parathion as well as other
pesticides via agricultural runeoff, erosion, and flooding.

Enrichment. cultures consisting of mineral salts,
parathien (100 ppm), and a water sample were incubated at
ambient temperature for various time intervals. Turbid
cultures were selected for filter disc assay. Filter discs
saturated with parathien in ethanol were. placed on nutrient
agar plates on which enrichment culture inocule was added.
Filter ‘disc assays were also conducted with mineral. salts
agar and parathion. Zones of growth .surreunding parathion-
saturated discs were considered evidence that the culture
was a parathion utilizer. .The purity of each culture was

ascertained by streaking of a fresh nutrient agar plate.
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Identification of Cultures

The culture was tested for purity by streaking on
nutrient agar plates and observing coelenial morphelegy. The
cellular morphelogy was observed by staining the organism
with Hucker's medification of the Gram stain. Capsular
material was stained by the methed of Tyler (1966).
Bacterial flagella were stained according to the method
of Ladner (1968). All stains were prepared in accordance
with the Society of American Bacteriologist's Manual of

Micrebiological .Methods (1957).

All physiological tests employed during the classi-
fication of this isolate were conducted in accordance with

the Society of American Bacteriolegist's Manual of Micro-

bielogical Methods (1957).

Chemicals

Parathion and By-Products

The parathion employed in this investigation was
an analytical standard of 98.7% purity obtained through
the courtesy of American Cyanamid Company, Agricultural
Division. Reagent and analytical grade samples of reported
parathion by-products were also supplied gratis by The
Mensanto Ceompany. These include p-nitrophénol, paraoxen,

and p-aminophenol.

Emulsifiers

Atlas detergent 8-916P was incorporated in the

mineral salts media as a dispersing agent. This detergent
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had no effect on standard antichelinesterase assay according

to Vardonis and Crawford (1964).

Hydroegen Concentration

The pH of water samples was.determined-in a 1:1
sample to distilled water suspension with the glass electrode
using a Beckman Zeromatic II pH meter. The pH of the

mineral salts medium was determined without dilution.,.

Aminoparathion Synthesis

Aminoparathien, a petential parathien by-proeduct
was not supplied; therefore, it was chemically prepared by
reduction of parathien (2 ml of concentrated parathion te
100 ml of 5 N HCl and 5 grams of zinc dust) by the method
according to Graetz et al. (1971). The reductioen mixture
was heated for 15 minutes and made alkaline with sedium
hydroxide. The aminoparathion was extracted with 100 ml of
benzene. The benezent extract of aminoparathien was employed
in thin layer chromategraphic analysis according te Graetz

‘et al. (1971).

Cultural Procedures

Culture Techniques for Manemetric Studies

All cells used in manometric experiments were grown
on either nutrient breth or mineral salts plus parathien in
6 ©z prescription bettles at ambient ' temperature. Fifty ml
of the. desired medium were added: to prescriptioen bottles,

autoclaved, and inoculated with 0.5 ml of the culture. All
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liqguid cultures were incubated eon a New Brunswick. rotary
shaker at approximately 180 rpms for a week. The pH of the
medium was 7.0.

The mineral salts medium as described by Brewn (1958)

contained the follewing ingredients:

KNO3 . 1.0 g/1
Mgso, 0.2 g/1
KZHPO4 , 0.4 g/l
FeCl,.6H,0 0.05 g/1
Distilled H,0 1.0 liter
10% HC1 0.5 m1/1

The mineral salts medium was modified to buffer
against an. increased acidic medium by adding 50 g of dibasic
potassium phosphate. which is equivalent to. 1 g/1 of phos-
phate (PO4) iens.

The pH of the medium:was. adjusted. to pH 7.0 with
either 10% (v/v) hydrechleric acid or 10% sodium hydrexide.
A precipitate was. formed in the resulting medium and the
medium was. allowed to settle for 24 heurs before use. Only
the resulting supernatant. liquid was used unless. otherwise
noted.

The medium was dispensed. in:50. ml. quantities into 6
@z prescription bottles and sterilized. All of the media
were autoclaved for 15 minutes at 121 C and 15 pounds per

square inch (psi) in a Castle Automatic Autoeclave.
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Plate Count Procedure

Plate counts were conducted by the spread. plate

method. Nutrient agar plates. were prepared in triplicate.

The following dilutions were employed: 10—1, 10-3, 10_5,

_7, and 1072, 2 0.1 m ineculum was added to.each plate

10
and spread. confluently. Plate counts. were incubated at 30 C

‘unless. otherwise noted.

Resting Cell Studies

Harvest and Preparation of Cells

Cell suspensioens grewn on nutrient broth, and on
mineral. salts-parathion medium were poured. inte 250 ml
centrifuge bottles and. centrifuged at approximately 8,000 X
g for 20 min in a refrigerated International centrifuge model
B-20. The cell sediment was washed. from the. centrifuge
bottles with physiological. saline (0.85% NaCl). The. result-
ing cell suspension was then washed. three times in: physio-
logical saline. The cells.were.suspended:in.physiolegical
saline for. subsequent manometric and Thunberg investigations.

The quantity of.cells in the cell suspension was
determined by comparing the light transmittance at 525
nanometer (nm) to a standard.éurve; Turbidometric measure-
ments were-accoemplished in the following manner:. ‘a 1:20
dilution. of the cell suspension. was. prepared and the light
transmittance was determined. A standard curve was prepared
from the undiluted. cell suspension. by. preparing an array of

serial dilutiens.. The light transmittance. was determined
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in a Bausch and Lomb. Spectronic. 20. colorimeter.

Manemetric Studies

Manemetric studies were. conducted in accordance with
standard. manometric procedures.as.describedrby.Umbreit'gI
al. (1964). All investigations. were carried out in.either
single or double sidearm flasks containing a total. liquid
volume of 3.2.ml on a Precision Scientific 18-place Warburg
apparatus at 30 C. All ground glass joints were. sealed with
Dow Cerning high vacuum silicene: stopcock grease.

The center wells of the:  flasks contained 0.2 ml of
either 10% (w/v) petassium hydrexide- (KOH). or water (HZO)'
Fluted filter paper was. placed in the center well coentaining
KOH. Each Warburg flask contained 1.5 ml of. 0.067 M phos-
phate buffer at pH 7.0 and 1.0 ml of parathion solution at
various. concentrations in the body section of the flask. The
sidearm contained 0.5 ml of the cell suspensien. The flasks
were placed on the manometers and. transferred to the-water
bath. A ten min period was allowed for temperature equili-
bratien. After this period the manometers were closed and
an additienal ten min perioed of equilibration was allowed.
The centents of the sidearms. were tipped inte  the main
compartment and the. initial:readings were then:taken; All
experiments were conducted in duplicate. The consequent
change in gas volume was. measured: at various intervals on

the manometers.
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Inhibitors

Irreversible inhibitors were used: in manometric
‘studies. in an attempt to establish the nature of the- enzyme
éystem or systems invelved in parathion utilization.
Nutrient broth. grown cells as.well as parathien grown. cells
were. inoculated into. flasks. containing the two substrates,
nutrient broth and. parathion. (selubilized in 1.0% ethanol).
Inhibiters ef enzyme formation such. as. 2,4-dinitrophenol (an
‘uncoupling-agent) and chloramphenicol (an inhibitor of'pro-
tein. synthesis) were added to the sidearms-of. double side-
arm Warburg flasks in 10 micremole. (uM). concentrations.
After the systems had. equilibrated and a relatively consis=-
tent rate of oxygen consumption was noted, the inhibitors
were tipped into their respective flasks. Additional
-control. treatments. were run in which no inhibitors were

added.

Thunberg Techniques

Thunberg experiments were. carried out in standard
Thunberg tubes. according to the procedure of Umbreit et al.
(1964). The tubes contained 1 ml of 2.67 x 10”*M methylene
blue, 2 ml of the desired substrate (0.02M), 2 ml of phos-
phate buffer (0.067M), and 1 ml of cell suspensien. The cell
suspension was placed in the. sidearm of the tubes. Aall

. joints.were. sealed with Dow Corning. high vacuum grease. The
tubes were evacuated with a Precisioen vacuum pump and flushed

with nitregen. A five-min period of temperature ‘equilibration
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was allowed and the contents were mixed. The reaction was
followed on a Bausch and Lomb Spectronic. 20 colorimeter at
660 mm. The light transmittance.was recorded.at periodic

intervals for 30 min.

- Aeration

The effects:of increased carbon. diexide concen-
tration and changes in the chemical composition of the
mineral salts medium were determined by growth and pigment
production of the culture. A cell. suspension was added
to six oz prescription. bottles containing mineral salts
and parathien. Following evacuation of each bottle, a
positive pressure of 3 pounds per square "inch (psi). of 80%
air and 20% C@2 was added. Growth was monitored by obser-
vation-of. turbidity and by pressure. changes. It was.impos-
sible te.compare turbidemetric measurements due. to dif-
ferences in chemical compoesitions of the media. Seven adif-
ferent mineral salts media were compared under two different

atmospheric conditions' (air and 20% Coz—enriched air). The

mineral salts formulations (per liter) are presented as

follows:
(1) KN@a ——————————— 10 g
Mgs 4‘7H20 ———————————————— 0.2 g
(2) add rFe’tt
KNO‘ ————————————————————— 10 g
MgS8, . 7H,0 —==mmmmmemmmmem o 0.2 o
FeCl 06H 0 ———————————————— 0.05 g

3 2
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(3) add po, + re*tt
KNO, <“=—rmmmemmmceceneee 10.0 g
Mgsd I 0.2 g
3ot 468 0 oo " 8'38 g

3. 2 L]

(4) add rett
KNO ------------------- 1000 g
MgSG, . TH)0 ===mmmmmmmmmmm 0.2 g
FeCl, .4H, 0 -—===-cc—eeeeo 0.05 ¢

2+ 4H;

(5) Add PO,
KNO ------------ L — = - l 0.0 g
MgSO, . TH,0 ===mmmmmmmm- -- 0.2 g
R e —— 0.38 g

(6) Add po, + Fe't
KNO, “==rm—mecmeaccccacaaa 10.0 g
Mgs84.7H20 --------- ———- 0.2 g
FeCla.4H20 -------------- 1.0 g
K HPO,  &ommmmooo oo 0.38 g

(7) K,HPO, —=mmmmmmmmmmmeeo 0.38 g
F&CL %6H,0 ~-----mm- ——- 0.05 g

Chromatographic Determinations

Gas Chromatographic Analysis

Residual parathien from cultures containing mineral
salts and parathion (10 ppm) was extracted with a 1:1 ratio
of acetone. and hexane, both. pesticide quality reagents, and
analyzed by electron capture gas. chromategraphy as previously
described by Walker (1970).

A Beckman GC-45 gas chrematograph equipped with an
electron capture detector was used for the analysis of
samples for parathion utilizatien. A glass column containing
SE~30 Chremosorb WH, 80-mesh packing was employed. The
column was.designed specifically for.the analysis of organo-
phosphorus compounds. The carrier gas was helium and the

flow rate was set at 40 ml/min. Samples were. injected in
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1.0 ul quantities. Electron capture helium flow rate was
set at 80 ml/min. The carbon dioxide flow rate was peaked
generally between 1.2 and 2.2 ml/min.

The electrometer settings were as follows: attenua-
tien was set at 2, input at 1K x 2, suppression at 4, source
current at 7, bias voltage at 0, and polarizing voltage at
760. The detector temperature was set at 30 C above column
temperature which was usually operated at 200 C for parathion
detection. 1Inlet temperature was adjusted at 50 C above
column temperature. The retention time for analytical grade
parathion standards was four min at the above mentioned
settings. The results were expressed in ppm of parathion and
plotted against time in days. Peak height reduction was
converted to ppm by plotting.a standard curve of peak heights
of parathion standards at decreasing concentrations by serial

dilutien.

Thin Layer Chromatographic Analysis

Glass plates, 20 x 20 cm, precoated with silica gel
G adsorbent  (without fluorescent indicatoer) were obtained
from Brinkman Instruments, Inc., EM Reagents Division, and
used in all thin-layer chromatographic (TLC) analyses.

The pseudomenas species was grown on nutrient broth,
centrifuged, and washed with physielogical saline as pre-
viously described. The culture was inoculated as a 0.1 ml
saline suspensien at the rate of 2.0 x 108 cells/ml inte

50 ml of sterile.mineral,saltsnmedium:containing 100 ug/ml
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of parathion (5,000 ug total) and. incubated for seven days.
One contrel. treatment received no bacterial cells. Another
control treatment received no parathion. Following incu-
bation, each sample was filtered, evaporated to - dryness,
extracted with acetone, and analyzed by thin layer chroma-
tography ~according to the method. of Graetz et al. (1971).
Ethanol solutions of analytical grade parathion
and ‘parathion by-products were applied.in well-defined spots
to thin-layer plates with five ul spotting pipettes.. Ethanol
and chloroferm extracts from several mineral salts and
parathion cultures were applied to TLC plates, and a com-
parison was made. Spotting was done along an imaginary line
two cm frem the bottom edge of the plate. A poertable hair
dryer enhanced solvent evaporation with a stream of hot air.
A Desaga Brinkman (DB) develeping tank contained the
TLC plates and 200 ml of 0.7 percent ethanol in chloreform
for development (Graetz et al., 1971). Development was
allowed to continue until the solvent front had traveled a
distance of:16 cm from the origin. Following development,
the thin. layer plates were removed from the chamber and
allowed to dry in a fume hood. Visual identification of
parathien and:parathion by-products was achieved by. spraying
with a palladium chloride solutien (0.5 g PdCl2 and 2 ml
concentrated HCl in 98 ml distilled:water).. In order to
permanently fix the visualized. spots,. the developed plates

were then exposed to bromine. fumes for approximately 30 sec
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by placing in a DB develoeping tank containing 100 ml of
bromine reagent (5% v/v bromine in carbon tetrachloride).

A specially designed glass. stand. was employed to suppert
the plate above the liquid bromine reagent. The plates

were then allowed te stand in a fume hood. for 2-3 min.
Following drying, the plates.were sprayed with fluorescein
(0.25% w/v fluorescein in N-N dimethylformamide diluted

1:50 with ethanel). The plates.were allowed to dry and
sprayed with silver nitrate. (1. ml of a 10% w/v agueous AgNO3
selution mixed with 10 ml of 2-phenoxy-ethanol and diluted
to 200 ml with acetone), accerding to the method of Kadoum
(1970). The plates were observed by exposure to ultraviolet
light in a chromato-vue UV light cabinet (Ultra-Violet
Products, .Inc.). The spots representing parathion appeared
brown to yellow against a brown background. Parathion by-
products. such as p-nitrophencl ‘and. phenol appeared white

against a.brown. background.

Chemical Analyses

Pigment Extraction

Water insoluble pigments.were extracted from the
culture . medium. by a chleroferm fraction method .according to
Graetz: et al. (1971). Culture media. (50 ml) centaining the
water-insoluble pigment was added to.a 125 ml separatory
funnel to which was added 25 ml :of .chloroform. After
shaking.vigorously.the agueous layer was eluted, leaving

the pigment-chleroform fractien. The aqueous layer was
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collected and employed. in p-nitrophenel and phenol

analyses.

P-nitrophenol Analysis

P-nitrophenol analysis was conducted in accordance
with the procedure described in the Monsanto Technical
Bulletin (1972). A standard curve was prepared by weighing
0.1 gram of analytical grade p-nitrophenol and preparing
a wide spectrum of dilutions. .The sample was diluted with
1 N alcohelic potassium hydroxide and water. The color was
measured. at 400 nm wavelength and the results were plotted
as micrograms of p-nitrephenol.per ml versus optical density.

Free p-nitrophenol in the sample was determined by
adding 1.0 ml of sample to . a 100 ml volumetric flask.
Alcohelic potassium hydroxide (50 ml) was added to .the flask,
stoppered.and. shaken for 30 min. The alcohol was diluted to
the mark, mixed, and filtered. A 5 ml pertion of the fil-
trate was added. to.a 250 .ml beaker and. evaporated with a
gentle stream of air. The moist residue.was redissolved in
25 ml of ether and transferred to a separatory : funnel. The
beaker was washed. with twejadditienal’portiens of ‘ether and
added "to the funnel. The ether. solution was extracted with
four 20 ml portions.of chilled 1% sedium carbonate solutions.
The combined aquecus layers were.collected inte a 250 ml
volumetric flask and 25 ml of 1 N alcoholic alkali selution
was added. The solution was diluted to the mark with

distilled water and the resulting color was measured.
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Phenol Determination

Ten milliliters of the solution to be tested for
free phenol were extracted by the chloreform fraction method
mentioned previously. The extraction procedure was neces-
sary to eliminate distorted readings on the colorimeter due
to interference from the yellowish-green pigment secreted by
the bacterium. The agueous phenol layer was pipetted into
a colerimeter tube. Five drops of 0.4. percent. alcoholic
solution of 2,6~dibrome-N-chlore-p-quinoneimine (BQC) were
added, the tube mixed on.a Vortex mixer, and then incubated
for 15 min at 37 C to allow for maximum color development.
The ‘density of the blue color:which developed "was read with
the colerimeter at 660 nm wavelength  (Brewn, 1958). The
amount of free phenol present was calculated by comparing
the reading thus obtained with a standard curve which had
been prepared with known quantities of free phenol. The

reaction involved is presented as follows:

r
HO + Cl-N= =0. + NaOH —>
Phenoel r
BQC
Br
HO ~=N—— =0 + '~ NaCl +H20
Br

Indephenel
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A standard curve for phenel determination was
prepared at pH 7.0, the pH at which the culture medium was
buffered. One gram of phenol was weighed into a one hundred
ml volumetric flask and made up to a.velume with the
buffered medium. This stock solution was diluted such that
solutions containing 10 concentrations were obtained and 10
points were used to plot.a standard curve. Phenol .concen-
trations ranging from 0.002.mg/ml.to 0.8 mg/ml of phenol were
used. The contents of each. flask were mixed with five drops
of a 0.4 percent alcoholic selution.of BQCMin>a colorimeter
tube . and incubated at 37 C.for 15 min. The density of the
blue color was then determined with a Bausch and Lomb Spec-
tronic 20 colorimeter using the red filter and set at 660 nm.
The readings obtained were plotted.in optical density unifs
against the phenol.concentration used... The portien ef the
curve which was linear was used.in determining the concen-

tration of phenol in the test solutiens.

Protein Determination

A medification of the Lowry methed (Cook, 1965) was
employed for the hydrolysis of .bacterial cells. A sample
(5 ml) of cell suspension was added. to a test tube te which
5 ml of reagent A was added (40 g Na2C03 disselved in a liter
of 2N NaOH). The cell suspension was heated .in a beiling
water bath fer 10 minutes. Following remeval, 5 ml of
reagent B (0.2 g CuSO4 in a 1 liter flask of water con-

taining 0.4 g of sodium tartrate) was added. It was
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allowed to stand at room temperature for 10 ﬁin after which
0.1 ml of Folin-Ciecalteau phenol reagent was added. After
standing for 30 min at room temperature the hydrolyzed cell
suspension. was read at 655 nm.

A standard curve of bovine serum albumen was pre-
pared employing the following concentration gradient: 40,
80, 120, 160, 200, 240, 280, 320, and 1000 mg/ml. The
standard curve. was expressed in terms of optical density
versus micrograms of protein.. Micrograms of protein in test
samples were extrapolated.from the linear portion of the

standard curve.

Biochemical Determination of Capsule Composition

An attempt was made to obtain some estimation of the
chemical compesition of an ethanol-treated fraction of a
pseudomenas cell suspension.. The ultimate objective .in this
undertaking was to gain seme insight into the chemical com-
position of the cell wall.or capsular material in order to
offer some satisfactery explanation.to the permeability
problem and the resultant solvent effects.

A series of qualitative biechemical tests were
employed for the detection of simple and complex carbohy-
drates, lipids, and proteins in culture . media containing the
test organism. All eof the bioechemical.tests were emploeyed
as described by Wilsen (1969). The qualitative tests for
the detection of simple carbohydrates were the Benedicts

test, Seliwanoff's. test, Benzidine reaction, and the Molisch
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test. The analysis for complex carbohydrates was the Lugol's
polysaccharide test. The analysis for the detection of

fatty acids were the Fatty Acids and Glycerol test, the
Unsaturation test, and the Acrolein test. The analysis for
the detection of proteins, proteoses, and peptones was the
modified Lowry (Cook, 1965) and the Biuret test.

Two groups of cell suspensions prepared from cells
grown in mineral salts and parathion, were subjected to the
gualitative tests. One group was. treated by incubating in
the presence of 1.0% ethanel under shake conditioens at
ambient temperature for five.hours, whereas, the other group
was not subjected to alcohol treatmeht. Both groups of cells
were subsequently centrifuged for.five minutes at 2500 X g.

Cells and medium were tested'from.both.groupS'of cells.
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RESULTS . AND DISCUSSION

The primary objectives .of this. dissertation are
presented as follows: (1) teo isolate, by enrichment tech-
niques, one or more bacteria, capable of readily metabolizing
the parathion molecules as the sole carbon source, (2) to
study the physieclogical parameters of parathien utilization,
(3) to determine some of .the. intermediates:in the degra-

dation of parathion by micreorganisms.

Parathion Utilizing Microorganisms

Iselation

A bacterium was isolated from the Gulf Coast region
near Bay St. Louis.which exhibited the capability of
metabolizing parathion according to enrichment culture data,
filter disc.assays,. and manometric.results previously
described in the Methods section.

Preliminary Screening of Microorganisms for Parathion
Utilization

Resting cell suspensions were prepared from cells
grown on nutrient broth with parathion (10 ppm). A wide
spectrum of water sample. isolates:was. screened for the
ability to:censume oxygen. in the presence of parathion as

the substrate. Four organisms were selected which
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demonstrated high activity in terms of oxygen consumption at
100 ppm concentration of parathien.

Parathion is only slightly miscible with water (24
ppm) ; therefore, a carrier solvent is .required. Acetone and
ethanol (1.0% concentration) were tested as potential para-
thien solvents. The results are shown in Figure 2. The
organisms designated as PC and JP2 were detgrmined to be the
same organism. Every organism tested demonstrated higher
oxygen consumption with parathion solubilized in ethanol.
Further, parathion solubilized.in acetone exerted. an inhibi-
tory effect upon.all of the-organisms tested. It may also
be noted that no oxygen consumptien occurred with the ethanol

control.

Morphological Characteristics

The organism selected for use in the subsequent
.experiments was a gram-negative, non-sporeforming, motile
coccobacillus . (0.5 micren. by 1.0 micron). The bacterium was
capsulated.and. menotrichously flagellated. At 18-24 hours
cells were characterized:.as rod-shaped; however, after 30-36
hours they appeared to be coccbbacilli. The cells, in
general, exhibit no clustering and. typically display single
arrangement. The phetographs presented:in Figure 3 demon-
strate the typical cellular morphology, presence of capsular

material, and the presence of flagella, respectively.
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Culture Characteristics

Turbidity was noted in cultures containing mineral
salts, 10 ppm parathion, and the test organism after three
days incubatien under aerobic conditions (reciprocal shaking)
at ambient temperature. Yellow-green pigmentation was pro-
duced only under the aforementioned conditions. Further,
no pigmentation was noted when cells were grown in an
enriched medium, such as nutrient broth. Cultures exhibited
marked turbidity with a thick pellicle in stationary liquid
cultures. Nutrient agar colonies were circular, convex,
smooth, and thick with an'irregular margin. The organism
grows well at 25 - 42 C. However, .the optimum temperature
for growth is 30 C. The optimal pH for growth on mineral
salts and parathion is 7.0-7.2. Further, acidic cultural

cenditioens inhibit growth .as well as .parathion degradation.

Physiological Characteristics

The bacterium is motile, reduces nitrates to nitrites,
hydrelyzes gelatin, and can utilize .citrate as.the sole
carben source. Indole was not produced and starch was not
hydrolyzed. The litmus milk reactien was alkaline and
hydrogen sulfide was not produced. No growth was noted on
mineral salts alone. The following .reactions were noted

with the sugars during a 24-hour period of incubation.
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Physiological Test Result
glucose Acid
sucrose No acid
fructose No acid
lactose Acidx*
maltose No acid
mannitol No acid

*Acid after 48 hours

Classification

On the basis of morpholegical and physielogical
characteristics, the bacterium has been classified as a

species of the genus Pseudomonas in the family

Pseudomonadaceae, according to Bergey's Manual of

Determinative Bacteriology (Breed et al., 1957). The bac-

terium was tentatively identified as Pseudomonas aeruginosa.
It may also be noted that according to Breed et al. (1957),

this bacterium attacks naphthalene and other hydrocarbons.

Parathion Utilization

In an attempt te correlate manometric data with
other parameters of parathion utilization, gas.chromatc-
graphic analysis of incubated cultures was performed. The
effect of light exposure during prolonged.incubation (Cook
et al., 1957) was also determined in order to establish if
photochemical decompesition was. taking place. Mineral salts

cultures incubated in dark cenditions. were compared to those
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exposed. to normal room lighting conditiens. A standard
curve was prepared.by injecting a series of parathion
standards of decreasing concentrations: The values pre-
sented in Figure 4 are expressed. in ppm parathion concen-
tration as a function of time in days. A three-week period
was monitored. Samples.were.collected daily and extracted
for gas chromatographic analysis. According to the con-
ditions of the test, normal room lighting conditions does
not contribute significantly teo parathion decompositien. It
was also apparent that,. following 21 days of incubation,
approximately ninety percent of:the original parathion had

been'degraded.

Effect. of Solvents on Parathion Utilizatien

It may be observed in Figure 5 that a selvent was
required.in order for parathioen to serve .as a substrate for
microbial ‘attack.. In Figure 2.it was.noted that ethanol
appeared.to be. a.better.solvent than acetone in terms of
oxygen:consumptien. This same phenomenon was also apparent
in the filter disc assays employed.in the isolation of the
bacterium: .In eorder to provide seme "explanation -why ethanol
was a better solvent than acetone, an-experiment was. designed
in which the cells were grown on nutrient broth, washed four
times, and incubated. in 1% ethanol.for.five hours under shake
conditions:at ambient. temperature.. The results are shown in
Figure. 6. Ethanol pre-incubated cells assayed.oen concen-

trated: parathion: demenstrated the highest:activity in terms
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of oxygen consumption, whereas, cells which were not incu-
bated in ethanol did not exhibit this ability. Preincu-
bated cells in ethanol utilized concentrated parathion and
1000 ppm parathion in ethanel at roughly the same rate.
Preincubation in acetone resulted in a decrease in oxygen
consumption. The experiment was. repeated:and the results
were censistent with previous:findings. It was apparent
from Figure 6 that ethanol preincubation affects the perme-
ability of the cells teo parathien in' seme way. Perhaps,
ethanel treatment results in denaturation of the cell wall
or capsular component, or stripping off a layer that is
susceptible: to the effects:of ethanol.

Additional experiments were conducted to describe
further the mode of action of ethanol with reference to its
effect upon the bacterial.cell, especially the capsule:. The
first experiment was designed:to:determine the effect of
varying ethanel cencentrations on cells grown in the presence
of parathion in nutrient.broth. 1In the second experiment
the cells were grown on parathion in mineral salts: The
following cencentrations:eof ethanol were added to two dif-
ferent substrates,. parathien and nutrient broth: 0.1%, 1.0%,
2.0% and 3.0%. The results were.shoewn in Figures 7 and 8.

The optimum cencentration of ethanol was 1.0%, fol-
lowed by 0.1, 2.0 and 3.0%, respectively, when the cells were
assayed on parathien and grown on parathien: The optimum

concentration of ethanol was 0.1% followed by 1.0%, 2.0%
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and 3.0% when assayed on parathion and grown on nutrient
broth.

The enzyme involved in parathion degradation
appeared to be constitutive since the same response was
noted-on parathion grown cells:.and nutrient broth grown
cells. The results given herein rule.out the use of
sequential.induction'studies;according‘to Stanier (1950).
In each experiment 2.0% and. 3.0% ethanel concentrations
were considered inhibitery. The.experiment was repeated
and the'results.were:consistently the same.

It was hypothesized:earlier that the pseudomoenad
capsule was stripped'of-some:important;layer, thus
rendering the bacterial cell more permeable. However, the
bacterial cell was still susceptible: to:denaturation or
decomposition or at. least,.a loss.of enzyme activity by 2.0%
or 3.0% ethanel.concentration which is:characteristic of |
most bacteria reported.in the:literature (Villeneuve and
Phillips, 1970).

The effect.of the solvent; ethanol, :on the "perme-
ability of . the cell:wall or capsule was investigated further.

A series of.biochemical.qualitative.tests were
employed.in order teo.determine:.the composition of the layer
affected by ethanel (Wilsen, 1969). The results are pre-
sented in Table 3.

Reducing'sﬁgars, ketones;.penteseg;or:hexeses were
detected in the ethanol-treated cells.and medium which were

not present in the untreated:cells suspensions:
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Polysaccharides,were.detected;in.both'treated and untreated
cells. No fatty acids were detected.in either group. Pro-
teins, proteoses/and peptones were. prevalent in both groups
of cells. The data presented: in Table 3 suggest that ethanol

affects the capsule or cell wall. in some way.

Effects of Cultural Conditions on Growth

Effect of Temperature

The effect of temperature. was measured as an
expression of p-nitrophenol.cencentration. p«=Nitrophenol
production from parathion was measured:at a series of
temperatures in order to determine the optimum temperature
for parathion utilization:. The highest p-nitrophenol pre-
duction in terms of parts per million was 30 C followed by
25 C, 35 C, 42 C, and 37 C as seen in Figure 9. p-Nitro-
phenol formation increased sharply on the fourth and fifth
day of incubation which generally supports the data described
in the next: experiment. Cells. grown at 42 C.exhibited higher
activity than expected and the shape of the curve was dif-~
ferent from cells grown at lower temperatures: This
phenomenen can-be partially explained.since-seme parathion
hydrelysis to p-nitrophenol takes place-above 40 C.

In erder to verify further that parathion utiliza-
tien takes place, theeffect of temperature.on cell popu-
lation was determined by.the plate count method. The

results are illustrated in Figure 10. The increase in
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cell coencentration parallels the rate. of p-nitrophenol

production demenstrated in the previous. experiment.

Effect of pH

An experiment was designed to compare the effects
of pH on parathien utilization by Warburg respirometry.
Manometric analysis was.conducted on cell suspensions of
samples collected:daily. A 5.0 um parathion cencentration
was employed. Follewing three:hours incubation the highest
activity eccurred.at pH 7.0 followed by 7.5, 8.0, 8.5, 6.5,
and 6.0, respectively. The results are. shown in Figure 11.

Daily samples were also cellected, extracted and
analyzed.colorimetrically for p-nitrophenel concentrations.
The results are presented in Figure. 12.. p-Nitrophenel
concentration as .a function of: time in days is consistent

with the findings demonstrated-in Figure 11.

Aeration

In previous.experiments it was.discovered that maxi-
mum growth. and:celer preduction was: obtained when cultures
were well aerated. 1In oeorder to.investigate the relationship
of . these findings to the: amount of "aeratioen, cultures were
incubated‘at“room‘temperature.by three aeration schemes:
static, . shake, and static.with a regulated air flow. A
regulated-air flow of 3,000 ml/min was allowed to bubble
through mineral salts. and parathion (10 ppm) . The pH of

the mineral salts .medium was 7.0. Parathion was solubilized
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in ethanol or suspended in an emulsifier. Growth and color
was measured turbidometrically using a Bausch and Lomb
Spectronic 20 set at 535 nm.

The emulsifier did not significantly affect the
growth rate in terms of turbidity under the three test con-
ditions. Ethanol was required in order for adequate growth
to occur under the three test conditions. However, ethanol
was not used as the substrate for growth since no turbidity
was noted when ethanel was added as the sole carbon source.
Static cenditions with a regulated air flow stimulated maxi-
mum observable turbidity. It was not possible to measure
color by the colorimetric method. However, visual obser-
vation was noted and the findings are consistent with
turbidometric data.

It was apparent that enhanced aeration increased
growth and pigment production. Therefore, attempts were
made te determine if increased carben dioxide concentration
increased growth and pigment preduction. The effect of
changes in the chemical composition of the mineral salts
medium was also determined.

The results are illustrated in Table 4. It was
apparent that the maximum growth in terms of observable
turbidity was found in the cultures containing carbon
dioxide-enriched atmespheres. No pressure changes were
noted. The addition of dibasic potassium phosphate and
ferric iron (Fe+++) enhanced growth in both atmospheres;

air, and carbon diexide-enriched air (80% air-20% COZ)'
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The growth of the culture in terms of observable turbidity
was negligible when no phosphate was added to the medium.
These results coincide with earlier attempts to demonstrate
growth with a poorly buffered medium centaining parathion.
In this instance the pH became very acidic (pH 3.0) and no

growth or pigment preduction was noted.

Chemical Transformation during Grewth

Pigment Production

The yellow-green pigment was produced when the
culture was incubated in mineral salts plus parathion. The
presence of the pigment interfered with p-nitrophenel deter-
minations. In order to distinguish between pigment produc-
tien and p-nitrephenol concentration an extraction procedure
described by Graetz et al. (1971) was employed. Yellow-
green color production described previously was produced
when the pseudomonas species was incubated in mineral salts

and parathien for four days or more. Pseudomonas aeruginosa

produces a pycocyanine pigment which is a yellew-green color.
It is also pH sensitive in the same range as p-nitrephenol,

a postulated parathien metabolite. 1In order to distinguish
pycecyanine pigment preduction and p-nitrophenol productien
an extractien procedure empleying chloreform was used.
Pycocyanine separated out in the chlereform fractien,
whereas p-nitrophenol was eluted in the aqueous layer.

After pigment extraction, the aqueous layer of a culture
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containing parathion was still yellow-green in color

indicating that p-nitrophenol was present.

p-Nitrophenol Detection

The p-nitrophenol extraction procedure was described
in the Methoeds section. p-Nitrophenol detection was
expressed in ppm of p-nitrophenoel concentration as a functioen
of time in days. In order to convert p-nitrephenol concen-
tration from optical density units te ppm values, a p-nitro-
phenol standard curve was necessary. p-Nitrophenol concen-
tration in ppm was extrapolated from the linear portion of
the standard curve. An increase in p-nitrophenel concen-
tration appeared as a functioen of time in days. A sharp
increase in p-nitrophenol cencentration was noted from day

four to day five of the six-day growth studies.

Manemetric Studies

In an attempt~to understand the completeness of
parathien exidation of this bacterium, the respiratery que-
tient (R.Q.) values of cells grown on nutrient broth and
parathien (10 ppm) were determined. These results are
illustrated in Figure 13. The R.Q. values illustrate the
amount of carbon diexide produced compared to the amount of
oxygen consumed. The R.Q. values of approximately 0.60 were
80% of the theoretical R.Q. for parathion. R.Q. values of
cells grown on mineral salts and parathien are presented in

Figure 14. The R.Q@. values herein are comparable to those
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in which the cells were grown on nutrient broth and
parathion.

A comparison of Q02 values was made of cells grown
on mineral salts-parathion medium compared to nutrient broth-
parathion medium. Several postulated metabolic inter-
mediates were selected from a\review of the literature to
serve as.substrates in a manometric study. Cells were grown
on nutrient breth and parathien as well as mineral salts and
parathion, and assayed on various test compounds. The

results are expressed in terms of QO values. The Q0 values
2

are an expression of the rate of oxy;en uptake. In this

case, it was ug of oxygen consumed per mg of protein per hour.
Qoz values for cells grown on nutrient broth and parathion
are illustrated in Table 5. Nutrient broth grown cells
exhibited lower Q02 values than cells grown on nutrient broth
and test compound. Further, no apparent difference in Q02
values of isomers of the test compounds was noted.

Cells were grown on mineral salts and test compounds
and the results are presented in Table 6. The results in
the two tables are comparablé with the exceptien that the
values were decreased for all test compounds when the cells
were grown on mineral salts and parathion.

The results presented in Figure 15 demonstrate the
optimum substrate concentration. Ethanol (1.0%) was
employed to selubilize an array of parathion cencentrations.

The following concentrations of parathion were added as

substrate in order to determine the optimum substrate
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concentration: 1.0, 2.0, 3.0, and 5.0 uM/ml. It was
observed that 5.0 uM/ml of parathien in 1.0% .ehtanel..
exhibited the highest activity in terms of exygen consump-
tion. 1In additional experiments 10, 25, and 59 uM/ml
concentratiénslwere inhigitory. The theoretical R.Q. for
parathion is 0.67 upen complete oxidation. In Figure 15
it was ebserved that the average R.Q, was 85% of the
theoretical R:Q. -

It was observed in Figure 16 the average R.Q. was
again approximately 85% of the theoretical R.Q. for para-
thion. However, in this instance, resting cells were grown
on nutrient breth and assayed on p-nitrophenol. It may also
be noted that p-nitrophenol selubilized in water does not
exhibit the high activity characteristic of its ethanol
counterpart, On the other hand, phenol solubilized in water
demonstrated the same type of curve as p-nitrephenol in
ethanel, and the same approximate degree of oexygen consump-
tion and CO2 productien. These results are illustrated in
Figure 17. p-Nitrephenel is not utilized teo the same degree
with or without ethanol. These results were also supported
by Thunberg.data to.be described later. 2an explanation for
this phenomenon may be that the nitre (N@z) group on para-
thion and p-nitrophenel affects the permeability of these

compounds.
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Thunberg Investigations

It has been stated previously by Graetz-~et al. (1971)
that there are generally different enzyme systems invelved
in the metabolism of organephesphorus pesticides. Previous
evidence has supported the fact that this is probably the
case with this organism. The enzyme system invelved in
parathion degradation may be a mixed function oxidase
system. 1In order to ascertain the general types of enzymes
involved in parathien utilization, studies were conducted
employing classical Thunberg techniques.

The results are presented in Table 7. The bacterial
cell suspension was diluted until no reduction was noted
within the time interval measured when tested in the absence
of exogenous substrate. The Thunberg data corresponded
very closely with the results of analyses previously de-
scribed. However, it must be noted that, when ne reductien
occurs in Thunberg data it does not rule out the possibility
that reduction could occur when different hydregen accepters
were employed. Pseudomonas cells in the presence of para-
thion, paraoxen, p-nitrophenol, and praminephenol were only
reduced when ethanol was employed as the carrier solvent.
However, only phenel was oxidized when no solvent was
employed. The rate of oxidation was greater when ethanol
was not added. No reduction occurred when ethanol and
cells were allowed to react with methylene blue. Therefore,
the solvent did not initiate the reduction reactien noted

with the above mentioned substrates. Reductien occurred
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when the emulsifier was added to a reaction mixture con-
taining cells, parathion and ethanol. Hewever, no reduction
occurred when ethanol was deleted.

Oxidation occurred more rapidly with the additon of
nutrient broth te a reactioen mixture containing parathion
solubilized in ethanel and cells. The reduction time was
the same for reaction mixtures containing nutrient broth
and cells with and without ethanol. The reduction time for
phenol and cells was greater than the reduction time for
any coembination of reactie; mixtures with the exception of
nutrient broth and cells with and without ethanol. Assuming
that the reduction fime is a valid criterion fer the rate of
the reactien, then reductien occurs more quickly with cells
assayed on phenel than other compounds tested. The results
presented herein confirm earlier manemetric data in which
phenol demonstrated the same high activity as.its ethanol-
selubilized counterpart.

It was apparent that ethanol was required in order
for parathion degradation to occur. The mode of action of
ethanel in parathien utilization does not appear to be due
solely to its rele as a selvent. Various selvents have
been empleyed such as acetone, ethyl acetate, and hexane in
an attempt to duplicate the success of ethanol. A wide array
of emulsifiers specifically formulated for parathion distri-
butien have been employed. However, all attempts to date
have failed. 1In view of this, it is postulated that ethanol

denatures or strips seme barrier affecting parathien,
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p-aminophenol, and p-nitrephenol permeability. Phenol
apparently was not affected by péstulated impermeable layer
since reduction readily occurred without the aid of ethanol.
In addition, since the only difference in the propesed
parathion metabolites is the presence of a nitre (NOZ) group,
it is a logical deduction that the nitro group affects the
permeability of these compounds. However, this phenoemenon
may be related to the presence of hydrexyl groups eon ethanol

and phenel molecules.

Inhibiters

Although resting cells of the organism grown in the
absence of parathien could consume oxygen rapidlx,it does
not necessarily fellew that the same metabolic pathway is
being employed when the organism was grown without parathien
as the sole carben source. Therefore, studies were under-
taken to. establish the nature of the enzyme system with the
use of irreversible inhibiters in manemetric studies.

The results observed in Figures 18 and 19 substan-
tiate the previous conclusion that the enzymes apparently
were not adaptive. No difference was noted in the oxidative
rates. It may also be neted that ne enzyme inhibition was
observed with chleramphenicol. Chlofamphenicol is an-
inhibitor of protein synthesis; hence, the synthesis of new
protein for enzyme formation would be disrupted. Consti-
tutive enzymes are the product of the biesynthesis of normal

cell constituents,and it is an inherent part of the cell
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pPrior to exposure to the substrate for which the enzyme
catalyzes a reaction. However, adaptive enzymes are syn-
thesized only following exposure to its specific substrate.
Therefore, chloramphenicel would inhibit the formation of
inducible or adaptive enzymes. This propesed explanation
is valid only when the assumptien is made that eoxygen con-
sumption is a true expression of the rate of enzyme activity.
Another assumptien must be made regarding interpretation of
the effect of chleramphenicel upen the metabolism of para-
thien. It must be assumed that permeability factors
invelving the capsule or cell wall are not influencing the
inhibitor studies.

Figures 20 and 21 do not indicate any difference in
the oxidative rate of the reactions. 2,4-dinitrephenol is
an uncoupling agent for oxidative phospherylation. There-
fore, an inflection in the curve was expected. However,
2,4-dinitrophenol possesses a similar molecular configu-
ration and, te some degree, similar chemical reactivity as
p-nitrophenel which is a proposed metabolite in the postu-
lated pathway of parathien degradation. It is net incen-
ceivable that 2,4-dinitrophenol might be attacked by a non-

specific, censtitutive enzyme system present in this culture.

Comprehensive Correlations of Results

In view of previous descriptions of experiments
designed te determine the type and extent of parathion

utilization, an attempt was made to relate all of the
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findings described previously. Plate count data, p-nitro-
phenol analysis, phenol analysis, and parathien analysis
were compared in order to determine the interrelationship
between these parameters, The analyses also demenstrated
the degree of correlatioen among. the types of data.

Mineral salts and parathien (10 ppm) inoeculated with
the pseudomenas cell suspension was incubated under static
conditions with a regulated flow of air at ambient tempera~
ture for eight days. Daily samples were withdrawn and each
of the aforementioned analyses were performed. The results
may be ebserved in Figure 22. All of the previously described
parameters for menitering parathion degradation exhibited
the same trends and followed the same type of curve. This
bacterium enters the logarithmic phase of growth after the
fourth day of incubation. An inflection in the curve for
p-nitrophenol, phenel, and gas chromatographic analysis
paralleled the plate count growth curve on day four. The
growth curve entered the stationary or death phase on day
five with subsequent changes in the curve for the other
parameters of parathion utilization., On the eighth day of
incubation, the cell population declined, and p-nitrophenol
and phenol equilibrated with a subsequent less of 66% of
the eriginal parathien concentration. Data expressed in
the four different types of analysis for parathion utiliza-
tien cempared very closely to a change in cell population

and support the proposed pathway presented in Figure 28.
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Physielogical Age

Cencurrent with the previously mentioned chemical
analyses of parathion utilization by this culture, Warburg
respirometric studies of the physiological activity as a
function of the age of the culture was studied. Manometric
studies were conducted according to the procedures outlined
in the methods section. The substrates were parathion and
p-nitrophenel in 5.0 um concentration.

The results of the eight-day grewth curve in terms
of manemetric data are presented in Figures 23 through 27.
The peak activity as a function of oxygen censumption and
carbon dioxide production is censistent with the data ob-
tained by other methods of analysis. However, the decline
in activity begins on day six, whereas, the decline was
noted on day five by other methods of analysis. It may
also be noted that an increase in activity was observed on
day four which is consistent with other data collected for
the four parameters of parathion utilization previouély
described. No withdrawals were made on day one or two since
the cells were in the two-day lag phase in the growth curve.

The average R.Q. value for each substrate closely
coincides with the trends noted in the growth curve data.
In each instance, with the exception of day three, the
average R.Q. values exhibited the same trend as the plate
count data in the growth curve. Again, the decline in R.Q.

values occurred after day six. 1In each case the average
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R.Q. value for p-nitrophenol was higher than parathien.

The same trend is reflected in the rate of oxygen consump-
tion with the two substrates. Day three was the only
exception to this trend. However, this exception may be

due to the lag phase in the greWth curve, Pseudomenas
cells, young in terms of physielegical age, may metabolize
parathion mere readily than p-nitrephenel whereas, the
opposite effects occur with older cell cultures. The

data presented above further substantiate the proposed path-

way presented in Figure 28.

Identification. of Parathion Metabolites

Previous investigations mentioned in this disser-
tation have indirectly supported the propesed pathway pre-
sented in Figure 28. However, direct evidence for the
pathway of parathion degradation was still uncertain. There-
fore, thin layer chromategraphic analyses were conducted in
an effort to identify postulated intermediates in the
nmicrobial degradation of parathion.

Table 8 demenstrates the corresponding Rf values for
samples as well as standards (parathien and its metabolites).
A spot correspending te the selvent (ethanol) was observed
in all of the samples in which ethanol was employed as
solvent. The spot was prebably due te an impurity since
ethanol is relatively volatile and would likely be lest

before visualization. A standard sample of phenol
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solubilized in ethanol produced two spots, one corresponding
to ethanol and the other to phenol.

In the parathion-mineral salts medium inoculated
with pseudomonad culture, five well-defined spots were
present. Each of these spots correspond to one of the
following. standards: parathion and paraoxon, p-nitrophenol,
p-aminophenol, phenoel, and ethanol.

In the control with no cells two spots were found
that correspond to ethanoel and parathion. The control
containing cells but noe parathion did not show any evidence
of a spot. Extracted cultures in which p~aminophenol was
the sole substrate solubilized in ethanol, demonstrated four
spots with Rf values corresponding to p-aminophenol, p-nitro-
phenel, phenol, and ethanol. When p-nitrophenol was employed
as substrate, extracted samples exhibited the same four
identical spets. It can be seen that the Rf value for the
metabolite standards match the Rf values for the parathion
degradation products. Spots corresponding to p-aminophenol,
p-nitrophenol, and phenol were observed only in the presence
of bacterial cells, and were regarded as.true metabolites of
parathion. Parathion and paraoxon seemingly occupy the
same spot on the thin layer plate since they exhibit the
same Rf values. The control containing no parathion was
compared to the test treatment. No spots were detected on
the thin-layer plate indicating that the four spots observed

in the presence of cells and parathion represented
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metabolites derived from the breakdown of parathion and
not derived from compounds routinely produced by the
bacterial cells alone.

It is possible that other metabolites exist which
cannot be resolved by the system of development or visuali-
zation that was utilized here. The Rf values for parathion
and metabolite standards presented in Table 8 represent
analytical grade parathion, paraoxon, p-nitrophenol, p-
aminopheno% and phenol.

| The data presented in Table 8 strongly suggest that
parathion is metabolized in vitro by the culture via the
proposed pathway shown in Figure 28. The thin layer data
support previous data suggesting that p-nitrophenol, phenol,
and perhaps p-aminophenol lie in the pathway of parathion

degradation.



SUMMARY AND CONCLUSIONS

A parathion-utilizing bacterium, previeusly isolated
from a water sample, was characterized and classified tenta-

tively as Pseudomonas agruginosa. A pH of 7.0-7.5 and a

temperature of 30 C were found to be optimum for the growth
of bacteria and utilizatien of parathion. Resting cell
suspensions demonstrated virtually no oxygen consumption
when nonsolubilized parathion was employed. Parathion
solubilized:in ethanol, on the other hand, exhibited:a high
rate of oxygen consumption. The permeability problem was
obviated by the use of ethanol as the solvent or pre-
incubation of cells in ethanel.

Resting cell studies indicated that approximately
80% of the parathien consumed by resting cells was present
terminally as carbon dioxide. M

Results of qualitative .biochemical tests on ethanel
treated and untreated cell suspensions suggested that either
cell wall or capsular material was stripped off by ethanol
treatment. The optimum concentration of ethanol was 1.0%
and enzyme activity was lest at 2.0% and 3.0%. The nature
of the enzyme system was revealed to be.constitutive.

Increased aeration or increased carbon dioxide levels
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enhanced growth of parathion centaining cultures. in terms
of turbidity and pigment production.

Gas.chromategraphic analysis revealed that ninety
percent -of the.parathien-residue:in a culture containing
parathien and mineral salts had disappeared after 21 days
incubation. At . the same time, chemical. analysis for the
detection of p-nitrophenol and phenel revealed that as para-
thion'residue:decreased;;prnitrophenoluand phenol concen-
trations:increased.

Turbidemetric ‘measurements indicated that the
water sample isolate;exhibited:growth'on;parathion, para-
exen, p-nitrophenol; p-aminephenol, and. phenel. Resting
cell studies.also. indicate that.these substrates were

attacked by the. Pseudomonas.

Thunberg investigations. generally are in agreement
with data obtained:by.other: analytical methods, Thunberg
studies revealed that an oxygenase was responsible for a
portion of the attack-on parathion. and its metabolites by
this pseudomenad. Further, the same. permeability problems
were encountered with the:exception of phenel which was
oxidized with or witheut. the selvent,; ethanol.

Plate. counts, fﬁrbidéﬁé£fié méasurements, chemical: «-
analyses, such as. p-nitrephenol, phenol determination, and
phesphate-determinations, manometric studies, and Thunberg
investigationS'suggest:that the proposed pathway for

parathion degradation:-is-as follows:
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p-nitropheno
/;' l\\

”~
-
parathion——————aparaoﬁon\\\

Resting cell studies. indicated.that phenol was attacked
terminally with the fermation of carbon dioxide and
water.

Parathion metabelites were tentatively identified
by thin layer chromatography. Close agreement exists
between. the identified.metabolites and the proposed scheme

for parathion degradation.
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ABSTRACT
An organism capable of utilizing parathion as the
sole carbon and energy source was isolated by enrichment
culture techniques. The bacterium was characterized and

tentatively classified as Pseudomenas aeruginosa. A PH

of 7.0 - 7.5 and temperature of 30 C were found to be
optimum for the consumption of parathion. Virtually no
oxygen utilization was observed with resting cell suspensions
when nonsolubilized parathion was employed. The use of
ethanol as selvent for parathion in resting cell studies or
preincubation of cells in ethanol obviated this problem and
rapid parathion oxidation was demonstrable. Approximately
80% of the parathien consumed by resting cells was present
terminally as carbon dioxide.

Permeability of the cell to parathien or its metabo-

lites was contingent upon the use of ethanol as either
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solvent or denaturant. Interpretation of the biechemical
analysis of ethanol-treated cells indicate that either cell
wall or capsule components are stripped off as a result of
ethanol treatment.

The nature of the enzyme system in parathion utili-
zation was found to be constitutive. Enhanced parathion
utilization was noted when grown in a carbon dioxide-enriched
atmosphere. The isolate was capable of growth on parathien,
paraoxen, p-nitrephenol, p-aminophenol, and phenel. Resting
cell studies indicated that. these substrates were attacked
by this species of the genus pseudomonas. p-Nitrophenol and
phenocl determinations on extracted culture media containing
parathien as the sole carbon source indicated that these
metabolites lie in the proposed pathway of parathion
degradation.

All of the analytical methods employed suggest that
the proposed pathway for parathion degradation was via
parathion--- paraoxon--- p-nitrophenol and/or p-aminophenol
--- phenol. Resting cell studies indicated that pheneol was
attacked terminally with the formation of carbon diexide and
water.

Thunberg investigations indicated that an oxygenase
was responsible fer a portien of the attack on the parathioen

moelecule by this pseudomonad.
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Metabolites were tentatively identified by thin
layer chromategraphy. Thin layer chromatographic data

generally supported the growing evidence for the proposed

pathway of parathion metabolism.
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Table 1. Relative Toxicities of Several Organophosphorus
Insecticides.

e - S,
Cempound LDSO* Compound LD50*
Schradan 1.5 Azodrin : 21
TEPP 2.0 Bidrin 22
Thimet 2.0 Trithion 30
Systox 2.5 Dursban 135
Parathion 3.0 Diazinon 150
Phosdrin 6.8 Naled 430
Methyl parathioen 9.0 Ronnel 1250
Guthien 10.0 Malathion 1375

*In mg/kg as tested against white rats.
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Table 2. Threshold Odor Concentrations of Pesticides in

Water.
Compound Pesticides Threshold ©0dor Concentration
. (ppm)
Parathien (technical grade) 0.003
Parathion (pure) 0.036
Endrin 0.009

Lindane 0.33
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Table 3. Effect of Ethanol on the Composition of Cells of
the Pseudomonas Isolate.

. — -
Ethanol

Test Purpose Cells Medium g:;i:c;:gium
Benedicts Reducing sugars - - - +
Seliwanoff's Ketones - - + +
Benzidine Pentoses (glycosidic bonds) - - - +
Polysaccharide Polysaccharides + - + +
Molisch Pentoses and hexoses - + + +
Unsaturation Unsaturated fatty acids - - - -
Acrelein Acrolein - - - -
Biuret Proteoses and peptones pink - pink pink
Modified Lowry Proteins + - + +

+Positive reaction
~Negative reaction

pink-indicates the presence of proteoses and peptones.
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Table 4. Effect of Carbon Dioxide and the Chemical
Composition of the Mineral Salts Medium on Growth.
e . o —— .
Growth -~
Medium Alr 80% alr~20% CO2
* (1) No additions + +
* (2) Added Fe'Tt - -
* (3) Added PO4 + Fe+++ +++ +++
* (4) Added Fe'? - 4
* (5) Added PO4 + ++
* (6) Added PO, + re'?t + ++
(7) Added PO, + Fettt + ++

-Ne turbidity
+Slight turbidity
++Increased turbidity

+++Heavy turbidity due to bacterial grewth

*Contains KNO

3 and Mgs

0



Table 5. QO Values for Cells Grown on Nutrient Broth plus Parathion, and Nutrient
2 Broth plus Other Test Compounds.

Q02 Units

~. Test Compounds
= — =
Grewth Para- Para- P- P- P~ P-
Medium thion oxen Nitrophenol Nitrophenol Aminephenol Aminophenol
NB +

parathion 278 266 172 458 252 256
NB +

paraoxon 358 458 420 458 492 420
NB + p-

nitrcphenol 402 439 400 648 457 395
NB + p-

aminophenol 312 344 392 340 392 392
NB 60 80 80 0 82 34

LL



Table 6. Q Values for Cells Grown on Mineral Salts plus Parathion and Mineral Salts
2 Plus Other Test Compounds.

Q02 Units
Test Compounds
Growth Medium Parathion Paraoxon p-Nitrophenol p-Aminophenol Methyl Parathion
MS + parathion 167 147 155 149 137
MS + paraoxon 183 244 156 210 173
MS + p-nitrophenol 145 130 176 198 168
MS + p-aminephenol 291 290 288 302 283
NB 60 80 0 36 54

8L
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Table 7. Thunberg Measurement of Reduction Potentials by
Resting Cells of the-Rseudomenas Species.
~N

St

Time Required for Methylene
Sample Blue Reduction Time in Min

Cell control

Parathion + ethanol + cells
Parathion + ethanel
Parathion + cells
Ethanel + cells

Ethanol
Paraoxon + ethanol + cells
Paraoxon + ethanoel

Paraoxon + cells
p-Nitrophenol
p-Nitrophenol
p-Nitrophenol
p-Aminophenol
p-Aminoephenol ethanol
P-Aminophenel + cells
Parathion + emulsifier + ethanol + cells
Parathion + emulsifier + cells
Emulsifier + ethanel + cells
Emulsifier + cells
Emulsifier
Nutrient broth + parathion (ethanol)

+ cells
Nutrient broth + ethanol + cells
Nutrient broth + cells
Nutrient broth
Phenol + ethanol + cells
Phenol + ethanol
Phenel + cells

= N
Ul % % % %~ »

(-

ethanol + cells
ethanol

cells

ethanel + cells

++++++
'—l

= =
NN O % % % %00 % U1 % U1 % *

N
* b ¥

=
N

*No reduction.



Table 8. Identification of Products Resulting from Microbial Degradatien of Parathion.

Rf Values
Ethanol p-Nitro- p-Amino- Para- Para- Amino
Grewth Impurity Phenel phenol phenol oxon thioen Parathion
Medium 0.96 0.46 0.24 0.18 0.32 0.34 0.38
Phenol (ETOH) 0.96 0.46 * * * * *
p-Nitrophenol 0.95 0.47 - 0.25 0.19 * * *
(ETGH) +
cells
p-Aminephenel 0.95 0.44 0.27 0.20 * * *
(ETOH) +
cells
Paraoxon 0.93 0.45 0.22 0.17 0.31 * *
(ETOH) +
cells
Parathioen 0.95 0.46 0.22 0.20 0.33 0.33 *
(ETOH) + '
cells
Ethanol + 0.96 * * * * * *
cells

*No observable spots.

08
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Parathion Paraoxon p-Nitrophenol p-Aminophenol
0]
S
| |
EtO _P _0OEt EtO—P —OEt

| |
0
OH 0
© o e_—
No, o

NO NH
NO 2 % /2
\ /
\ oH /
/
v v
Phenol

Figure 1. Structure of parathion and parathion metabolites.
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Figure 2. Preliminary screening of microorganisms for
parathion utilization.
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Typical cellular
morpnology (1500X)
(crystal violet)

Pseudomonas
capsule(1500X)
(capsule stain)

Pseudomonas
flagella(1500X)
(flagella stain)

Figure 3. Photomicrographs of the cellular morphology
of the Pseudomonas isolate.
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00— Pseudomonas sp.-dark
O-—-OControl~dark

A——\ Pseudomonas sp.~light
&-— —A\ Control-light

Parts/Million Parathion Concentration

1/32 34 5 6 7 14 21
Time in Days

Figure 4. Changes in parathion concentration during the
growth of the pseudomenad under both light
and dark conditions.
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Figure 6. The effect of pre~incubation of cells in
ethanol on oxygen consumption by the
pseudomonad.
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Figure 7. The effect of ethanol concentration on parathion
utilization by resting cell suspensions grown on
nutrient broth.
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The effect of ethanol concentration on parathion
utilization by resting cell suspensions grown

©n mineral salts and parathion.
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Figure 9. The effect of temperature on p-nitrophenol
; production on parathion utilization.
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Figure 10. The effect of temperature on the growth of the
pseudomonad in the presence of parathion as
the carbon source.
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Figure 11. The effect of pH on the oxidation of parathion
by resting cell suspensions.
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Oxygen consumption and respiratory quotients
for resting cell suspensions grown on nutrient
broth and parathion (10 ppm) and assayed on
parathion.
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R-Q. Values

0.38 0.57 0.54 0.56

1 2 3 4
Time in Hours

Oxygen consumption and respiratory quotients
for resting cell suspensions grown on mineral
salts and parathion (10 ppm) and assayed on
parathion.
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The effect of chloramphenicol on oxygen con-
sumption by resting cells grown on parathion,
and assayed on nutrient broth and on parathion._
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The effect of 2,4-dinitrophenocl on oxygen con-
sumption by resting cells grown on parathion,
and assayed on nutrient broth and on parathion
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Figure 21. The effect of 2,4-dinitrophenol on oxygen con-
sumption by resting cells grown on nutrient
broth and assayed on nutrient broth and on
parathion.
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